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Abstract
The Swampland Conjectures have attracted quite some interest in the
Cosmological Community. They have been shown to have wide ranging
implications , like Constraints on Inflationary Models, Primordial Black
Holes, Dark Energy to name a few. Particularly, their implications on Sin-
gle Field Inflationary Models in General Relativity Based Cosmology has
gathered huge attention. Swampland Conjectures in their usual form have
been shown to be incompatible with these kind of Single Field Models, or
have been shown to induce severe Fine Tuning in these Inflationary Mod-
els for them to be consistent with the Conjectures. In this work, we show
that a Large Class of Single Field Inflationary Models can in fact bypass
the problems faced by Inflationary Paradigms in GR Based Cosmology.
We use the Exact Solution Approach to Inflation for the same purpose
and show how String Theoretic Motivations of the Swampland Conjec-
tures can be in perfect symphony with various Single Field Inflationary
Models in Modified Cosmological Scenarios.
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1 Introduction
The idea of Cosmic Inflation has achieved a tremendous amount of success in
describing the Early Universe. Inflation initially captured attention with it’s so-
lutions to the fine tuning problems of Standard Big Bang Cosmology [1–5]. The
optimism regarding Inflationary Cosmology kept on increasing as it’s various ob-
servational predictions about the Early Universe were shown to be very precise
in accordance with various satellite experiments, a trend which continued even
in the Planck 18’ results [6, 7]. A variety of Inflationary Models are supported
by the observational data ,and amongst the most famous of these paradigms
are Single Field Inflationary Models. In these models, Inflation is driven by a
single Scalar Field, popularly referred to as the ”Inflaton” [5]. While the usual
paradigm of Single Field Models considers only a real scalar field which domi-
nates the energy density of the Universe in Early Times, there are some other
regimes where non standard considerations are taken about the field nature or
the way it interacts [8, 9]. But still the conventional single field models (which
some would like to call ”Supercooled Inflationary Models” [8]) are very well
supported observationally and are very prevalent in theoretical studies too.
String Theory has attracted a resounding amount of attention in the Cosmologi-
cal Community ever since it’s inception [10–12]. As one of the most well studied
theories which promise to describe ” Quantum Gravity”, one may expect String
Theory to appropriately describe the workings of the Early Universe. Indeed
it has been found that the ”String Landscape”(the set of all possible vacua ad-
mitted by the theory), is quite large going to the order of 10500. Hence one can
expect that String Theory can be a good candidate for a ” Theory of Everything”
for our Universe. But then the question of how one could distinguish between
effective which are consistent and those which are non consistent with String
Theory. To this end, Cumrun Vafa in [13] coined the term ”Swampland”, refer-
ring to the class of Effective Field Theories incompatible with a self consistent
Theory of Quantum Gravity. Further, to distinguish between theories in the
swampland and those compatible with self consistent Quantum Gravity, Vafa
and his co authors proposed a number of ”Swampland Conjectures” [14–17].
The prominent Swampland Conejctures which gathered immediate interest in
the context of Inflationary Cosmology were :
1 : Swampland Distance Conjecture : This conjecture limits the field space of
validity of any effective field theory [14]. This sets a maximum range traversable
by the scalar fields in an EFT as
∆φ ≤ d ∼ O(1) (1)
where we are working in the Planck Units mp = 1 where mp is the reduced
Planck’s constant, d is some constant of O(1) , and φ is the Scalar Field of the
EFT.
2
2 Swampland De Sitter Conjecture : This Conjecture states that it is not pos-
sible to create dS Vacua in String Theory [15]. The conjecture is a result of
the observation that it has been very hard to generate dS Vacua in String The-
ory [18, 19]( While it has been shown that creating dS Vacua in String Theory
is possible in some schemes ,like the KKLT Construction [20]). The Conjecture
sets a lower bound on the gradient of Scalar Potentials in an EFT ,
|V ′|
V
≥ c ∼ O(1) (2)
where c is some constant of O(1) , and V is the scalar Field Potential. Another
” refined ” form of the Swampland De Sitter Conjecutre places constraints on
the Hessian of the Scalar Potential [21]. Expressed in mp = 1 units, it reads
V ′′
V
≤ c′ ∼ O(1) (3)
where c′ is again some constant of Order 1.
These criterion have quite strong implications for Inflationary Cosmology. It
has been shown that [22] Single Field Inflation in a Universe described by Gen-
eral Relativity based Cosmology is incompatible with the Swampland Criterion,
in a particular the De Sitter condition, for a general class of potentials. The
disagreement can be seen in essence through the slow roll parameters for Single
Field GR Based Inflation. The primary slow roll parameters of usual Single
Field Inflation are the famous ǫ and η parameters, and it is well known that for
Inflation to occur both of them should be very less than unity [5]. Defining η
and ǫ, in Planck Units the condition is given as
ǫ =
1
2
(
V ′
V
)2
(4)
η =
V ′′
V
(5)
It is immediately seen from the definitions of the ǫ parameter (4) , and the
De Sitter Conjecture (2) , that these conditions are in conflict with each other.
Furthermore, a new Swampland Criteria by the name of ” Trans Planckian
Censorship Conjecture(TCC)” [17] , implies that Singe Field GR Based Infla-
tionary Models would have to be severely fine tuned for them to not be in the
Swampland [23]. While this line of work could show that Inflationary Cosmol-
ogy and Swampland Criterion are in direct logger heads, the conjectures are
amicably satisfied in certain other different regimes of Inflation besides Single
Field GR Based Models. Multi Field Inflation has been shown to be consistent
with the Swampland Conjectures (3) and (4). [24–26]. The paradigm of Warm
Inflation, even for Single Field Models, is consistent with the Swampland Con-
jectures [27–30] .
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Alongside Usual GR Based Cosmology, an enticing possibility for Inflationary
Cosmology in recent decades has been the study of Inflation in various Mod-
ified Cosmological Scenarios. These include the Randall Sundrum and other
Braneworld Scenarios from String Theory itself [31–33] , Cosmologies due to
Modified Gravitational Scenarios [34–36] , Loop Quantum Cosmologies [37–39]
amongst others. The paradigm of Single Scalar Field Inflation has been studied
substantially in all the above mentioned regimes as well. Braneworld Infla-
tion has been studied both in the Supercooled and Warm Regimes [40–48],
Loop Quantum Inflation was explored in [49] while [50] studied the modified
Chern-Simons Cosmology. It has also been shown that Modified Cosmologi-
cal Scenarios are quite easily consistent with Swampland Conjectures [51–53].
Single Field Supercooled Inflation in non GR Based Cosmological Scenarios be-
ing in extremely good agreements with Swampland Conjectures might suggest
that a Self Consistent Quantum Gravitational theory would point towards the
Early Universe having a different Cosmological Setup than General Relativity
(considering that the Swampland Conjectures indeed describe conditions a self
consistent theory of Gravity would uphold).
In this paper, we show that a wide variety of Single Scalar Field Inflationary
Models in Modified Cosmological Scenarios can satisfy the Swampland Crite-
ria. In Section 2 , we will briefly describe the Exact Solution Approach to
Inflation [50] which we will use in the whole of our paper. In Section 3 , use
the Exact Solution Approach and show how Single Field Inflation can satisfy
Swampland Constraints for a general class of modified cosmological scenarios.
We conclude our work in Section 4 with comments on the scope of applicability
of our analysis.
2 The Exact Solution Approach to Inflation
The Exact Solution approach for Single Field (Supercooled) Inflationary Models
was introduced by Del Campo in [50]. The crucial point of note is that a
Generalized Friedmann Equation of the form,
F (H) =
8π
3m2p
ρφ (6)
where we have written the Friedmann Equation in the units used in [50] , c =
~ = 1 and ρφ is the energy density of the Inflaton Field and F (H) is a General
Function of the Hubble ParameterH = H(φ) ( φ dependent Hubble Parameters
were famously first considered in the Hamilton Jacobi Approach to Inflation of
Kinney 54 ) . This Equation is quite general in the sense that one can arrive
at the Friedmann Equation of different cosmologies for different F (H). For
Instance, the Braneworld Scenario Friedmann Equation is attained for [55] for
F (H) =
(
8πλ
3m2p
)[√
1 +
(
3m2p
4πλ
)
H2 − 1
]
(7)
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The Chern-Simons Model [36] can be attained for
F (H) = H2 − αH4 (8)
Various Modified Gravitational Models can also be encapsulted in (5) . Like
L(R) gravity for L(R) = R− α
2
6R
can be given by for F (H) as
F (H) =
6H2 − α
2
11
8
− 9
4α
H2
(9)
And similarly, one can even get Loop Quantum Cosmology [39] with (5).
As is well known during Slow Roll Inflation, the field velocity φ˙ = dφ
dt
is very
less than the Scalar Potential V (φ),
φ˙2 << V (φ) (10)
which allows us to write ρφ ≈ V (φ). The Equation of Motion which the scalar
Field Satisfies is the usual Klein Gordon Equation,
φ¨+ 3Hφ˙+ V ′(φ) = 0 (11)
where φ¨ = d
2φ
dt2
Based on these basics ideas, the Field Velocity is given by
φ˙ = −
m2p
8π
F
′HH
′
H
(12)
one can further find the ǫ and η parameters to be,
ǫ =
m2p
8π
F
′H
H
(
H ′
H
)2
(13)
η =
m2p
8π
F
′H
H
H ′′
H
(14)
where F
′H =
∂F
∂H
and H ′ = dH
dφ
The Number of e-folds is given by,
N =
8π
m2p
∫ φ
φe
H2
H ′F
′H
dφ (15)
One can further define the horizon flow equations and comment on the attrac-
tor nature of the Inflationary Model in question using this approach, as shown
in [50].
The spectra of Scalar and Tensor Perturbations are of special interest for any
Inflationary Model as they allow the model to be tested using observational
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data [5]. Using the definition of the slow roll parameters and the usual formu-
lation of the amplitude squared scalar Perturbations at horizon exit k = aH ,
PR(k) =
(
H
|φ˙|
)2(
H
2π
)
aH=k
(16)
we get the scalar spectral index as ,
ns = 1 +
dPR(k)
dlnk
= 1+ 2η − 2ǫ
(
3−H
F′HH
F
′H
)
(17)
where F
′HH =
∂2F
∂H2
.
Similarly the squared amplitude of Tensor Perturbations is given by ,
PT (k) =
16π
m2p
(
H
2π
)2
aH=k
(18)
And hence the tensor spectral index is given as,
nT = −2ǫ (19)
The tensor to scalar ratio is hence given by,
r = 2
F
′H
H
ǫ (20)
While one can also get the Running of both scalar and tensor spectral index, we
will not pursue it at this time. The reader can refer to [50] for any additional
details about this approach.
Now, we have cleared the basics of the Exact Solution Appraoch which we
will be using in the next section.
3 Consistency of Single Field Models in Modi-
fied Cosmologies
We will use the Planck Units mp =
√
1
8piG
= 1. So our Generalized Friedmann
Equation (5) takes the form,
F (H) =
ρφ
3
(21)
Which during Inflation(φ˙2 << V (φ) ) becomes ,
F (H) =
V
3
(22)
This allows us to write the Gradient of the derivative of the scalar potential
with respect to φ as ,
F
′HH
′ =
V ′
3
(23)
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This allows us to write the ratio
|V ′|
V
=
F
′HH
′
F
(24)
For now, let’s call the above ratio k
k =
V ′
V
=
F
′HH
′
F
. Now, the ǫ parameter in mp = 1 units is given by,
ǫ =
F
′H
H
(
H ′
H
)2
(25)
Now, ǫ can be written in terms of k as ,
ǫ =
FH ′k
H3
(26)
Now, one of the central points of disagreement between Single Field Inflationary
Models in GR Based Cosmologies and the Swampland conjectures is the logger
heads the smallness of ǫ parameter condition, ǫ << 1 , is with the Swampland
De Sitter Conjecture (2). This conflict is , however, not evident in various inves-
tigations of Inflation in Modified Cosmological Scenarios [51–53]. Keeping that
in mind, if we now write the De Sitter Swampland Conjecture in a Modified
Cosmology given by a Friedmann Equation of the form (21) in terms of the
ratio k, we have the De Sitter Criterion as
k ≥ c ∼ O(1) (27)
This tells us that in order to satisfy the De Sitter Swampland Conjecture in a
Modified Cosmological Scenario we need ,
F
′HH
′
F
≥ c (28)
So now, it is evident that
ǫ << 1 (29)
even for k ≥ O(1) .
Hence, a large class of cosmologies which are within the scope of the generalized
Friedmann Equation (21) can easily be consistent with the De Sitter Swampland
Conjecture. For GR Based Cosmology, F (H) = H2, one recovers the conflict
between the concerned conjecture and single Field Inflation as the Exact Solu-
tion approach reduces to Kinney’s Hamilton Jacobi Approach in that limit [54].
Another point of Conflict with the Conjectures and Single Field Inflationary
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Models in GR Based Cosmologies is the issue of insufficient e-fold number [22].
It can be shown that the Number of e-folds for Single Field GR Based Inflation-
ary Models can be given by, [52] ,
N ≈
V∆φ
V ′
(30)
If we move in accordance with the Swampland Conjectures, then N < O(1)
. This is a serious problem , as the most recent data on Inflation [7] requires
around 50 to 60 Number of e-folds. It is again clearly evident that the Swamp-
land Conjectures are in conflict with Single Field Inflationary Models in GR
Based Cosmology. But once again, it has been shown that this problem does
not arise in Modified Cosmological Scenarios [51–53] . Now, we will look at
the same problem within the view of the Exact Solution Approach and show
that this issue does not arise in a large class of Modified Cosmological Scenarios.
The e-fold Number for Inflation [50] expressed in mp = 1 units is ,
N =
∫ φ
φe
H2
F
′HH
′
dφ (31)
The above expression for the e-fold number can be rewritten as
N =
∫ φ
φe
H2
F
1
F
′H
H′
F
dφ (32)
Thus, e-fold number can be approximately given as ,
N ≈
H2
F
∆φ
F
′H
H′
F
=
H2
F
∆φ
k
(33)
Now, in accordance to the Distance Conjecture and De Sitter Conjecture ,
∆φ ≤ O(1) , k ≥ 1 respectively. We see that in contrast to Single Field
Inflation in GR Based Cosmology, the e-fold number for Single Field Models
in a Modified Cosmological Scenario can be high enough for sufficient Inflation
to occur. Again , in the GR Limit F = H2 the problem of insufficient e-fold
number persists but in a generalized scenario it can be appropriately high.
Another issue with Single Field Inflationary Models in GR Based Cosmology
and Swampland Conjectures is the order of the parameter c in the definition of
the De Sitter Conjecture. From String Theory motivated constructions, c in (2)
should be of the order of unity. While it was shown in [22] that in order for the
conjectures and Single field Models to be consistent with the value of the scalar
spectral index of Planck 18’ data [7] , c ∼ O(0.1). This shows a stark contrast
between the String Theory Motivations of the Conjecture and their consistency
with the observational data for Inflationary Cosmology.
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We now show that the String Theoretic Motivations of the Swampland Con-
jectures can indeed be consistent with the Observational Data for Inflationary
Models in Modified Cosmological Scenarios. From the equation (16) for ns and
the definitions of the ǫ and η parameters (12-13) in mp = 1 units , we can
express the scalar spectral index as,
ns = 1 + 2
(
F
′H
H
H ′′
H
)
− 2
F
′H
H
(
H ′
H
)2 (
3−H
F
′HH
F
′H
)
(34)
Mow, the above equation can be rewritten as,
ns = 1 + 2
F
′HH
′
F
FH ′′
H ′H2
− 2
F
′HH
′
F
FH ′
H3
(
3−H
F
′HH
F
′H
)
(35)
And finally after some rearrangement, one can arrive at the following relation(
(1− ns)H
2
2F
)[
1(
3−H
F
′HH
F
′H
)
H′
H
− H
′′
H′
]
=
F
′HH
′
F
≥ c (36)
The above relation allows us to have an upper bound on c in terms of the ob-
served value of the scalar spectral index in some Cosmological Scenario described
by (21). Alongside this, we now make use of the Refined De Sitter Conjecture
(3) to comment on the relationship between η and 4 c′. Using (22) , we can
write,
F
′HHH
′2 + F
′HH
′′ =
V ′′
3
(37)
In the light of the above relation, one can express (3) in terms of η (14) as
1
F
′H
[
F
′HHH
′ + η
F
′HH
2
H ′
]
≤ −c′ (38)
Equations (36) and (38) alongside (26) are especially important in understand-
ing the distinction between implications of Swampland Conjectures for Single
Field Inflation in GR Based Cosmology and in more generalized Scenarios. It
was shown systematically in [22] how (2) and (3) lead the ǫ and η parameters
in Single Field GR Based Inflationary Models to be constrained as
ǫ ≥
c2
2
η ≤ −c′
These relations lead in turn to
1− ns = [3c
2; 2c′] (39)
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Then, the authors in [22] used the data for the scalar spectral index and the
tensor to scalar ratio [7] to show that c ≤ O(0.1) and c′ ≤ O(0.01) . This led
them to categorically demonstrate that there is a severe conflict with the String
Motivated Definitions of c and c′ being order 1, and the Observational Data for
Inflation which constrain them to be smaller orders in order for Single Scalar
Field models in GR Based Cosmologies to be compatible with them.
We now see from equations (38) , (36) and (26) that in a general modified
cosmology described by (22) the strict relations of ǫ and η to c and c′ do not
hold. (26) shows that c can indeed be some order 1 term and still ǫ << 1.
Similarly (36) shows that the scalar spectral index is not directly related to
an upper bound for c , as found for Single Field Models in [22]. Rather, in a
General Cosmology the free parameters of the models can be put in limits to
fit up well with the observational data without violating in the Order 1 nature
of c. Observational data also constrains η ≤ 0 and this fact can also be easily
satisfied alongside the Swampland Definition of c′ in a General Cosmological
Scenario as shown in (38). Equation (38) also shows that, similar to the result
of ǫ parameter in a general Cosmology, one cannot set a lower bound on the
η parameter directly using c′. This shows that the disagreement found in [22]
between the orders of c and c′ from the String Theory Motivated Cosmological
and that allowed by the Observational Data would not arise in a General Mod-
ified Cosmological Scenario.
4 Concluding Remarks and Discussion
In conclusion, we have shown using quite a general treatment that Single Field
Inflationary Models can indeed be compatible with the Swampland De Sitter
and Distance Conjectures in a wide class of cosmologies where the Scalar Field
follows the usual Klein Gordon Form. We began by discussing in brief about
the Swampland Conjectures and their implications on Inflationary Cosmology,
after which we briefly discussed the Exact Solution Approach to Inflation. Then
using that approach , we showed systematically how Single Field Inflation in
Modified Cosmological Scenarios can bypass the problems it faces in GR Based
Cosmology. We showed how the ǫ parameter for Inflation can still appropriately
small for Inflation to occur and how the e-fold number can still be to the scales
required by the latest observational data [7]. We then showed that both the
observational data for Inflation and String Theoretic Definitions of the c and c′
parameters of the De Sitter Conjectures and it’s refinement , respectively, can
agree for Single Field Inflation in Modified Cosmological Scenarios. Hence, in
essence, we have shown that Single Field Inflation is still very much compatible
with the Swampland Conjectures in a wide Class of Modified Cosmological
Scenarios. One crucial point which we would like to elaborate here is that
in obtaining the equation of the inflaton field we have assumed that the matter,
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specified by the inflaton scalar field, enters into the action Lagrangian in such a
way that its variation in a Friedmann-Robertson-Walker-Lemaitre background
metric leads to the Klein-Gordon equation, expressed by (11). Therefore our
method is only applicable to theories where the background metric alongside
the perturbations, are not modified.This means that Horava-Lifshitz theories of
gravity [56] or theories of similar plight are beyond the scope of our approach.
Hence, we cannot comment on the compatibility of Inflationary Regimes in such
theories with the Swampland Conjectures.
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